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ABSTRACT
Using a sample of nearly 140,000 primary red clump stars selected from the LAMOST and Gaia surveys, we
have identified a large sample of “young” [α/Fe]-enhanced stars with stellar ages younger than 6.0 Gyr and
[α/Fe] ratios greater than 0.15 dex. The stellar ages and [α/Fe] ratios are measured from LAMOST spectra,
using a machine learning method trained with common stars in the LAMOST-APOGEE fields (for [α/Fe])
and in the LAMOST-Kepler fields (for stellar age). The existence of these “young” [α/Fe]-enhanced stars
is not expected from the classical Galactic chemical evolution models. To explore their possible origins, we
have analyzed the spatial distribution, and the chemical and kinematic properties of those stars and compared
the results with those of the chemically thin and thick disk populations. We find that those “young” [α/Fe]-
enhanced stars have distributions in number density, metallicity, [C/N] abundance ratio, velocity dispersion and
orbital eccentricity that are essentially the same as those of the chemically thick disk population. Our results
clearly show those so-called “young” [α/Fe]-enhanced stars are not really young but genuinely old. Although
other alternative explanations can not be fully ruled out, our results suggest that the most possible origin of
these old stars is the result of stellar mergers or mass transfer.
Keywords: Stars: abundance – Stars: kinematics and dynamics – Galaxy: kinematics and dynamics – Galaxy:
disk – Galaxy: velocity dispersion – Galaxy: chemical evolution
1. INTRODUCTION
The classical Galactic chemical evolution (GCE) models
(e.g., Matteucci 2001, 2012; Pagel 2009) predict strong corre-
lations amongst stellar metallicity [Fe/H], [α/Fe] abundance
ratio and age for disk stars, as a results of the different histo-
ries of element enrichment and star formation rate. Generally,
thick disk stars were born at the early stage (thus very old) and
experienced α-elements enrichment as a product of the core-
collapse supernovae (SNe) of massive stars. The thin disk
stars are typically much younger with iron-peak elements en-
riched mainly by Type Ia SNe (thus with high [Fe/H] and de-
pressed [α/Fe]). The strong correlation between stellar [α/Fe]
abundance ratio and age is therefore often used as an indirect
estimator of the latter, given the difficulty of determining the
latter by other means (for a review, see Soderblom 2010).
The expected correlation between stellar [α/Fe] abundance
ratio and age has indeed been observed amongst the very lo-
cal evolved stars (within 50−100 pc; e.g., Fuhrmann 2011;
Haywood et al. 2013), based on the results of high-resolution
spectroscopy and accurate Hipparcos parallax measurements
(thus robust isochrone ages). The results show that in general
[α/Fe]-enhanced stars, with [Fe/H] typically ranging from
−1.0 to−0.3 dex, are older than 8.0−9.0 Gyr, consistent with
the predictions of the GCE models.
However, this paradigm has recently been challenged by
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analyses of sample stars beyond the solar neighbourhood
(> 100 pc) that have robust age determinations, owing to the
precise asteroseismic measurements from the CoRoT (Baglin
et al. 2006) and Kepler (Borucki et al. 2010) satellites. By
combining the asteroseismic ages and [α/Fe] abundance ra-
tios given by the APOGEE medium-to-high resolution spec-
troscopic surveys (Majewski et al. 2017), Chiappini et al.
(2015) and Martig et al. (2015) first found a handful stars
with enhanced [α/Fe] abundance ratios ([α/Fe]> 0.1 dex) but
of young ages (< 6.0 Gyr). The existence of this intriguing
group of stars has since then been confirmed by the follow-
up work (e.g., Yong et al. 2016; Matsuno et al. 2018). Those
“young” [α/Fe]-enhanced stars are certainly unexpected from
the classical GCE models.
The origin of those “young” [α/Fe]-enhanced stars is still
an open question. Hitherto, two possible explanations have
been proposed. The first one is that those stars are evolved
blue stragglers and their true ages have been underestimated
because of the large current masses that result from the merger
or mass transfer (e.g., Martig et al. 2015; Yong et al. 2016; Iz-
zard et al. 2018). The second scenario is that those stars are
newly formed in a recent pristine gas (not polluted by SNe
Ia ejecta) accretion episode at some particular positions of
the Galaxy (e.g., at the co-rotation radius near the Galactic
bar; Chiappini et al. 2015). The key to distinguishing the two
scenarios is finding alternative independent age indicators to
check that those “young” [α/Fe]-enhanced stars are on earth
young or old.
For this purpose, a detailed analysis of the spatial distri-
bution, and the chemical and kinematic properties of those
“young” [α/Fe]-enhanced stars can cast light on whether they
are young or old. Generally, compared to the thin disk
population, the thick disk population is much older (typi-
cally > 8.0 Gyr; e.g., Fuhrmann 2011; Haywood et al. 2013;
Bensby, Feltzing & Oey 2014; Bergemann et al. 2014) and
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metal-poor (typically of [Fe/H] between −1.0 and −0.3 dex;
e.g., Lee et al. 2011; Haywood et al. 2013; Bensby et al.
2014; Matteo et al. 2018), and has a shorter scale length and a
larger scale height (e.g., Bovy et al. 2012; Bensby et al. 2011;
Hayden et al. 2015; Mackereth et al. 2017). In addition, the
thick disk population has larger values of velocity dispersion
in all directions than those of the thin disk population (e.g.,
Lee et al. 2011; Haywood et al. 2013; Bensby, Feltzing &
Oey 2014). However, no more than a few hundred “young”
[α/Fe]-enhanced stars have hitherto been identified in spite
by efforts of a number of groups (e.g., Bergemann et al. 2014;
Bensby, Feltzing & Oey 2014; Chiappini et al. 2015; Martig et
al. 2015). The small sample size restrict the study of the spa-
tial distribution, and the chemical and kinematic properties of
this group of stars. Using data from the LAMOST Galactic
spectroscopic surveys (e.g., Deng et al. 2012; Liu et al. 2014)
and the Gaia DR2 (Gaia Collaboration et al. 2018), Huang et
al. (2020, hereafter Paper I) present a large sample of primary
red clump (RC) stars that have their 3D positions and veloci-
ties, values of metallicity [Fe/H] (better than 0.10−0.15 dex)
and of α-element to iron abundance ratio [α/Fe] (better than
0.03−0.05 dex), and stellar ages (of typical uncertainties of
20−30 per cent) precisely determined. For the estimation of
those parameters and their uncertainties, please refer to Paper
I for details. With this RC sample, one can single out a large
number of “young” [α/Fe]-enhanced stars and study their spa-
tial distribution, and the chemical and kinematic properties.
The results should provide vital constraint on the origin of
this interesting group of stars.
The paper is structured as follows. In Section 2, we describe
the data used in the current study, and in Section 3, we identify
the “young” [α/Fe]-enhanced stars and classify the remaining
with classical chemically thin/thick populations. The spatial
distribution, and the chemical and kinematic properties of the
group of “young” [α/Fe]-enhanced stars are compared with
those of the two classical disk populations, and the possible
origin of those “young” [α/Fe]-enhanced stars is then dis-
cussed in Section 4. Finally, our main conclusions are sum-
marized in Section 5.
2. DATA
2.1. The LAMOST primary RC sample
In this paper, we use the sample of nearly 140,000 pri-
mary RC stars constructed in Paper I. The stars have line-of-
sight velocity Vr, atmospheric parameters (effective temper-
ature Teff , surface gravity log g and metallicity [Fe/H]) and
α-element to iron abundance ratio [α/Fe] determined with the
LSP3 pipeline (Xiang et al. 2015, 2017). Based on the various
tests, the typical uncertainties are 5 km s−1, 100 K, 0.10 dex,
0.10−0.15 dex and 0.03−0.05 dex for Vr, Teff , log g, [Fe/H]
and [α/Fe], respectively (Xiang et al. 2017; Huang et al.
2018). The masses and ages of those primary RC stars are fur-
ther estimated from the LAMOST spectra, using the relations
trained with thousands of RC stars in the LAMOST-Kepler
fields that have asteroseismic masses accurately determined
by the Kernel Principal Component Analysis (KPCA) method
(see Paper I). The typical uncertainties of the resultant masses
and ages are 15 and 30 per cent, respectively. It is important
to note that the ages determined in Paper I are based on all the
spectral features rather than just the [C/N] abundance ratios
yielded by the spectra only (e.g., Martig et al. 2016). Given
the standard-candle nature of RC stars, the distances of the
stars have been determined to an accuracy better than 5−10
Figure 1. Spatial distribution of the sample stars in the R - Z plane. The
stellar number densities (binned by 0.1 kpc in both axes) are represented by
the color bar on the right, with no less than 8 stars in a bin.
per cent, even better than estimates based on the Gaia DR2
parallaxes for stars beyond 3.0−4.0 kpc. All the sample stars
also have accurate proper motion measurements, thus tangen-
tial velocities, from the Gaia DR2 (Gaia Collaboration et al.
2018). For more descriptions of the sample, please refer to
Paper I.
2.2. Coordinate systems and sample selections
In this paper, the standard Galactocentric cylindrical co-
ordinate system (R,φ,Z) is adopted, with R the projected
Galactocentric distance increasing radially outwards, φ in the
direction of Galactic rotation and Z towards the North Galac-
tic Pole, and the corresponding three velocity components are
represented by VR, Vφ and VZ , respectively. To calculate the
kinematic and orbital parameters, we have assumed that the
Galactocentric distance of the Sun and the Solar motions have
values R0 = 8.34 kpc (Reid et al. 2014) and (U, V, W)
= (13.00, 12.24, 7.24) km s−1 (Scho¨nrich & Dehnen 2018),
respectively. We set the local circular velocity Vc,R0 = 238.0
km s−1, by combining the results of recent studies (e.g., Reid
& Brunthaler 2004; Scho¨nrich et al. 2010, 2012; Reid et al.
2014; Huang et al. 2015, 2016; Bland-Hawthorn & Gerhard
2016). Based on measurements of the line-of-sight velocities,
distances, and proper motions, the 3D positions and velocities
in the Galactocentric cylindrical coordinate system are calcu-
lated for all the sample stars.
The values of the velocity dispersion σ of the individual
spatial bin are estimated by a 3σ-clipping procedure that re-
moves outliers of extreme values. The uncertainty of σ is
estimated by the classical method, ∆σ =
√
1/[2(N − 1)] σ
(Huang et al. 2016), where N is the number of stars in the
bin. The orbital parameters such as the eccentricity of each
star are derived using Galpy (Bovy 2015), with the Galac-
tic gravitational potential set to “MWPotential2014”. To
ensure accuracy of the resultant 3D velocities, the following
cuts have been applied to the sample stars:
• Distance uncertainty ≤ 10%;
• Stellar age ≤ 14.0 Gyr and age uncertainty ≤ 50%;
• Metallicity [Fe/H] ≥ −1.0 dex and,
• Vertical velocity |VZ | ≤ 120 km s−1.
The first two cuts, together with a spectral signal-to-noise
ratio (SNR) cut (SNR> 20) already applied in Paper I, ensure
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Figure 2. Distribution of the sample stars in the age-[α/Fe] plane, color coded by the logarithmic number density (left panel) and the mean metallicity (right
panel). The general and golden samples of “young” [α/Fe]-enhanced stars are selected with the black and red boxes, respectively. The stellar number densities
and the mean metallicities (calculated for bins of size 0.4 Gyr in age and 0.01d˙ex in [α/Fe]) are represented by the colorbars to the right of each panel, respectively,
with no less than 15 stars in a bin.
that the uncertainties of the derived 3D velocities are typically
within 5.0 km s−1 and smaller than 15.0 km s−1 even for stars
of distances 4.0−6.0 kpc. The last two cuts are used to ex-
clude contamination from the halo stars (e.g., Huang et al.
2018; Hayden et al. 2019). With the above cuts, 133,443 RC
stars are eventually selected. The spatial distribution of this
final sample of selected stars is shown in Fig. 1.
3. RESULTS
3.1. Identifications of the “young” [α/Fe]-enhanced stars
and the thin/thick disk stars
The distribution of the sample stars in the age–[α/Fe] plane
is shown in the left panel of Fig. 2. Most of the stars fol-
low a clear age–[α/Fe] trend, i.e., younger stars having lower
[α/Fe] abundance ratios whereas older stars having higher
[α/Fe] abundance ratios. This trend is well explained by the
standard GCE models (e.g., Matteucci 2001, 2012; Chiappini
2009). On top of this general trend, there is however a signif-
icant excess of stars of ages younger than 6.0 Gyr and values
of [α/Fe] greater than 0.15 dex in the top-left corner of the
panel. Those stars are the so-called “young” [α/Fe]-enhanced
stars, first found by Chiappini et al. (2015) and Martig et al.
(2015). We define two cuts to single out those stars. The first
cut selects 4904 stars of ages smaller than 6.0 Gyr and val-
ues of [α/Fe] greater than 0.15 dex (hereafter the general yαp
sample). To reduce contamination from the chemically thin
disk stars, we define the second sample with a more stringent
cut in [α/Fe], of which only stars of [α/Fe] > 0.20 dex are in-
cluded (hereafter the golden yαp sample). With the latter cut,
2403 stars are selected. The general yαp sample defined here
is hitherto the largest one, with a size one order of magnitude
larger than in previous work (e.g., Martig et al. 2015; Chiap-
pini et al. 2015; Yong et al. 2016; Jofre´ et al. 2016; Izzard
et al. 2018; Matsuno et al. 2018; Hekker & Johnson 2019).
In the right panel of Fig. 2, the same distribution color coded
by the mean stellar metallicities is presented. The plot shows
that the general yαp sample peaks a mean metallicity around
−0.50 dex, comparable to the value of the thick disk popula-
tion.
As mentioned earlier, we want to compare the spatial distri-
bution, and the chemical and kinematic properties of the yαp
sample stars with those of the chemically thin and thick disk
populations. Doing so, the thin and thick disk stars are further
separated based on the locations of the stars in the [Fe/H]–
Figure 3. Distribution of the RC sample stars, after excluding those belong-
ing to the general yαp sample, in the [Fe/H] - [α/Fe] plane, over-plotted with
contours of equal densities. The logarithmic number densities (in bins of size
0.025 dex along the horizontal axis and 0.02 dex along the vertical axis) are
represented by the colorbar to the right, with no less than 20 stars in a bin.
The two dashed lines separate the thin (below the lines) and the thick (above
the lines) disk stars.
[α/Fe] plane. And this is shown in Fig. 3. Here stars be-
longing to the general yαp sample defined above have been
excluded. The plot shows a clear bimodal distribution of two
branches, one of the thin disk population and another with
higher values of [α/Fe], of the thick disk population. As in
the previous work (e.g., Lee et al. 2011; Brook et al. 2012;
Haywood et al. 2013; Bensby, Feltzing & Oey 2014), two em-
pirical cuts are defined to separate the two populations. With
the cuts, 104,688 and 14,448 chemically thin and thick disk
stars are selected, respectively.
With the general and golden yαp samples (each containing
several thousand stars), and the thin and thick disk samples
defined above, one can now compare the spatial distribution,
and the chemical and kinematic properties of these different
samples of stars, and address the question whether the yαp
sample stars young or old in nature.
3.2. The spatial distribution, and the chemical and
kinematic properties of the yαp samples, and of the
chemically thin and thick disk populations
3.2.1. Spatial distributions
Histograms of the fractional number density distributions,
in the vertical and radial directions, of the yαp samples, and of
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Figure 4. Histograms of fractional number density (f = Ni/Ntot) distributions of the various samples of stars discussed in the paper, in the vertical (left
panel) and radial (right panel) directions. Here Ni is the number of stars in the individual radial/vertical bins and Ntot is the total number of stars of the sample
concerned. Lines of different colors represent the different samples marked in the top-right corner.
Figure 5. Same as Fig 4 but for [Fe/H] (left panel) and [C/N] abundance ratio (right panel).
the chemically thin and thick disk populations are presented
in Fig. 4. As the plot shows, most of the thin disk stars are
distributed within |Z| < 3.0 kpc, while the thick disk stars
can extend to heights as far as |Z| ∼ 5.0 kpc. This is in line
with the fact that the scale height of the thick disk (typically
hz = 0.8−1.0 kpc; e.g., Bovy et al. 2012b; Bland-Hawthorn
et al. 2018) is larger than that of the thin disk (typically hz
= 0.3−0.6 kpc; e.g., Bovy et al. 2012b; Bland-Hawthorn et
al. 2018). In the radial direction, the thick disk stars peak at
R ∼ 8.0 kpc, while the thin disk stars peak at a much larger
radius, at R ∼ 9.5 kpc. This result is again expected since
the scale length of the thick disk (typically 1.8−2.2 kpc; e.g.,
Bensby et al. 2011; Bovy et al. 2012b; Hayden et al. 2015) is
shorter than that of the thin disk (typically 2.5−3.6 kpc; e.g.,
Bovy et al. 2012b; Hayden et al. 2015). In both directions, the
distributions of the two yαp samples are all quite similar to
that of the thick disk population. The result indicates that the
yαp stars and the thick disk population share similar structural
parameters, probably belonging to the same disk component.
We note that the distributions shown in Fig. 4 have not been
corrected for the selection effects and some features produced
by the selection effects are clearly visible (e.g., the double-
peaked radial distribution of the thin disk stars).
3.2.2. Chemistry
The normalized histogram distributions of the various sam-
ples of stars discussed in the paper in metallicity [Fe/H] and
[C/N] abundance ratio are presented in Fig. 5. The Fig-
ure shows very different metallicity distributions of the thin
and thick disk populations. The thin disk stars peak around
−0.2 dex, while those of the thick disk stars peak around
−0.5 dex, consistent with the early studies (e.g., Lee et al.
2011; Haywood et al. 2013; Hayden et al. 2015). The dis-
tributions of both the general and golden yαp samples are
very similar to that of the thick disk population. We note that
both the yαp and the thick disk population show a metal-rich
tail extending to [Fe/H] ∼ 0.2 dex. This tail could naturally
be explained by the so-called “parallel” model of GCE (e.g.,
Grisoni et al. 2017). On the other hand, such a tail could also
be the results of stellar migration (e.g., Kubryk, Prantzos &
Athanassoula 2015; Grisoni et al. 2017).
During the red giant evolutionary phase, the surface abun-
dances of carbon and nitrogen are altered by the first dredge-
up process. During the process, more C is converted to N in
more massive stars, leading to lower surface [C/N] abundance
ratios in massive young stars as compared to stars of lower
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Figure 6. Distributions of velocity dispersions in the age-[α/Fe] plane of all the sample stars in the inner disk (7.0 ≤ R < 9.0 kpc and |Z| ≤ 1.0 kpc; left
panel) and in an inner region above the plane (7.0 ≤ R < 9.0 kpc and 1.0 < |Z| ≤ 3.0 kpc; right panel). The color bars to the right of the panels represents,
from top to bottom, the values of velocity dispersion component, σR, σφ and σZ , respectively. The locations of the general and golden yαp samples of stars are
marked by the black and blue boxes, respectively.
masses (e.g., Karakas & Lattanzio 2014; Salaris et al. 2015).
Fig. 5 shows that the [C/N] distribution of the thin disk pop-
ulation peaks around −0.25 dex, while that of the thick disk
peaks significantly higher, at 0.1 dex. This result agrees well
with the predictions of the first dredge-up paradigm, consid-
ering that the thick disk stars are generally much older and
thus of lower masses as compared to the young thin disk
stars. The [C/N] distributions of both yαp samples resemble
that of the thick disk population. This strongly implies that
those “young” [α/Fe]-enhanced stars are not really young but
genuinely old, otherwise they would have lower [C/N] ratios
given their currently young ages. In this sense, it is highly
probable that those stars are the products of stellar mergers
or mass transfer during or after first dredge-up process (e.g.,
Hekker & Johnson 2019).
3.2.3. Kinematics
To compare the kinematics of the various samples of stars,
we first show in Fig. 6 and 7 the distributions of the three ve-
locity dispersion components, σR, σφ and σZ of the sample
stars in the age-[α/Fe] plane in the different disk regions. In
the inner disk (7.0 ≤ R < 9.0 kpc and |Z| ≤ 1.0 kpc; see
the left panel of Fig. 6), except for stars belonging to the two
yαp samples, all three components of the velocity dispersion
generally increase with both age and the [α/Fe] ratio. The
dispersions in radial (σR), azimuthal (σφ) and vertical (σZ)
directions increase steadily from respectively ∼ 25.0, 22.0
and 11.0 km s−1 at age τ = 1.0 Gyr and [α/Fe] =−0.05 dex
to respectively ∼ 57.0, 46.0 and 38.0 km s−1 at τ > 10.0 Gyr
and [α/Fe]≥ 0.15 dex. These behaviours of the yαp sam-
ple stars are similar with those of old (≥ 8.0 Gyr) and high
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Figure 7. Same as Fig. 5 but for outer disk (9.0 ≤ R < 13.0 kpc and |Z| ≤ 1.0 kpc; left panel) and an outer region above the plane (9.0 ≤ R < 13.0 kpc and
1.0 < |Z| ≤ 3.0 kpc; right panel).
[α/Fe] (≥ 0.15 dex) thick disk stars, but significantly larger
than the values of the thin disk stars of similar ages (i.e.,
younger than 6.0 Gyr) but with [α/Fe]< 0.15 dex. In the in-
ner region above the Galactic plane (7.0 ≤ R < 9.0 kpc and
1.0 < |Z| ≤ 3.0 kpc; see the right panel of Fig. 6), young
(< 2.0 Gyr) and low-[α/Fe] stars are missing due to the high
disk heights, otherwise the general trends are similar to the
inner disk. Those yαp sample stars are again very hot in all
three velocity dispersion components. In the outer disk re-
gions (9.0 ≤ R < 13.0 kpc; see Fig. 7), similar results are
found. To summarize, all yαp sample stars have very large
velocity dispersions across the entire disk, in close similarity
with those of the thick disk stars (old and [α/Fe]-enhanced).
The velocity dispersions, as a function of R and Z, of stars
of the various samples are shown in Figs. 8 and 9. Generally,
all three components of the dispersion decrease with R across
the entire disk for both the thin and thick disk populations,
but the values of the thin disk population are much smaller
than those of the thick disk population. In addition, disk flar-
ing is clearly detected in the thin disk population in the outer
disk (R > 9.0 kpc; see Fig. 8). The variations of the veloc-
ity dispersion along R of the yαp sample stars, both of the
general and golden samples, are largely in line with those of
the thick disk population. We note that the values of veloc-
ity dispersions yielded by the general yαp sample are slightly
smaller than those of the thick disk population in the outer
disk (|Z| ≤ 1.0 kpc and R > 9.0 kpc, see the left panel of
Fig. 8). This is largely due to the high contamination rate from
the thin disk stars (with a small scale height and a large scale
length) in this region. With a more stringent cut in [α/Fe],
the results yielded by the golden yαp sample stars suffer from
less contaminations from the thin disk stars and thus agree
well with those of the thick disk population.
Along the vertical direction, both the thin and thick disk
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Figure 8. Left panel: Velocity dispersions as a function of R in the radial (σR; top panel), azimuthal (σφ; middle panel) and vertical (σZ ; bottom panel)
directions, for stars of the various samples in the Galactic plane (|Z| < 1.0 kpc). Right panel: Same as the left panels but for a region out the plane (1.0 <
|Z| ≤ 3.0 kpc).
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populations generally show a positive trend between the ve-
locity dispersion and the height above the Galactic plane |Z|
in the inner disk (7.0 ≤ R < 9.0 kpc; see the left panel of
Fig. 9). The dispersions of the thick disk population are again
much larger than those of the thin disk population. In the
outer disk (9.0 ≤ R < 13.0 kpc; see the right panel of Fig. 9),
this positive trend becomes much weaker due to the effects
of disk flaring, especially for the thin disk population. Again,
the dispersions along the vertical direction of the yαp sam-
ple stars, of both the general and golden samples, are sim-
ilar to those of the thick disk population. In the outer disk
(9.0 ≤ R < 13.0 kpc, see the right panel of Fig. 9), the ve-
locity dispersions yielded by the general yαp sample stars are
slightly smaller than those of the thick disk population, and
again, due to the high contamination rate of the thin disk stars
in this region.
Finally, the distribution of orbital eccentricities of stars of
the various samples are shown in Fig. 10. The thin disk pop-
ulation shows a narrow range of values peaking around 0.1,
while the thick disk population shows a wide range of values
that peak around 0.20. The distribution of the yαp sample
stars given by those of general sample is also quite wide and
peaks around 0.15 (slightly smaller than that of the thick disk
population). The reason is again due to the high contamina-
tion rate of the thin disk stars for the general yαp sample. The
golden sample has a much lower contamination rate from the
thin disk stars, and shows an eccentricity distribution that is
essentially the same as that of the thick disk population.
To conclude, the yαp sample stars share the same kinematic
properties of the chemically thick disk population, in terms of
both velocity dispersion and eccentricity. We note that the
kinematic properties of the chemically thin and thick disks
presented here should be of interest to constrain the formation
and evolution of the Galactic disk(s). And related study is
under way and shall be presented in a separate paper (Sun et
al. in prep.).
4. DISCUSSION
As mentioned earlier, two scenarios have been proposed for
the origin of the “young” [α/Fe]-enhanced stars. In one sce-
nario, those stars form recently (thus genuinely young) near
the region of co-rotation of the Galactic bar (where com-
plex chemical and dynamical evolutions are expected) and
then migrate to the solar neighbourhood (Chiappini et al.
2015). Near the Galactic center, such young, metal-rich yet
[α/Fe]-enhanced stars have indeed been observed (Cunha et
al. 2007). On the other hand, the young ages of these stars are
determined based on their high masses (or related spectral fea-
tures). The high masses of those stars could be produced by
mass transfer from a binary companion or resulted from the
merger of two stars (i.e., the evolved blue straggler scenario;
Martig et al. 2015; Izzard et al. 2018). Izzard et al. (2018)
show that the existence of such stars by stellar evolution mod-
eling. This scenario is also partly supported by chemical anal-
ysis with high resolution spectroscopy (e.g., Yong et al. 2016;
Jofre´ et al. 2016; Matsuno et al. 2018). In this scenario, those
“young” [α/Fe]-enhanced stars are actually very old and have
the same properties of the thick disk population.
To distinguish the two scenarios, one requires some inde-
pendent probes (other than the age) to distinguish the young
and old populations. In Section 3, we present the spatial dis-
tribution, and the chemical and kinematic properties of the
yαp stars and find that they are all very similar to those of the
chemically thick disk population. In summary, the spatial dis-
tribution, and the chemical and kinematic analysis presented
here clearly suggest that the yαp stars belong to the thick disk
population and are therefore genuinely old. In this sense, our
results highly prefer the evolved blue straggler scenario as the
origin of this group of stars.
Finally, we note that the fraction of the yαp stars as indi-
cated by the golden sample, is about 2 per cent amongst all
RC sample stars analyzed here. This number increases to 12
per cent if one considers only the thick disk stars. These num-
bers (after corrected for the selection effects) should provide
vital constraints of the evolved blue straggler scenario.
5. SUMMARY
In this paper, we use nearly 140,000 RC stars selected from
the LAMOST and Gaia DR2 data and identify a large sam-
ple of “young” [α/Fe]-enhanced stars of ages younger than
6.0 Gyr and [α/Fe] values greater than 0.15 dex. This unusual
group of stars is not expected from the classical GCE mod-
els and its origin is still under hot debate. To explore their
possible origins, we have analyzed their spatial distribution,
and the chemical and kinematic properties and compared the
results with those of the chemically thin and thick disk popu-
lations.
We find that the aforementioned properties of the yαp sam-
ple stars are almost the same as those of the chemically thick
disk population. The results support the idea that these yαp
stars are not really young but genuinely old, and therefore pre-
fer stellar merger or mass transfer as their most likely origin.
In a future study, we plan to simulate the expected frac-
tion “young” [α/Fe]-enhanced stars during the RC evolution-
ary phase and compare it with the result presented here.
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